We view Web-based Support Systems (WSS) as a multidisciplinary research area that focuses on supporting human activities in specific domains or fields based on computer science, information technology, and Web This paper presents the fundamental issues of WSS, a framework of WSS, and research on WSS. We also present preliminary studies on two examples of WSS, Web-based research support systems (WRSS) and Web-based information retrieval support systems (W1RSS).
INTRODUCTION
The advances in computer technologies have affected everybody's daily life. Computers support and assist almost every single human activity. Traditional decision support systems (DSS) focus on computerized support for making
Correspondence to: e-mail: jtyao@cs.uregina.ca decisions with respect to managerial problems (Turban 2005) . Other good examples are computer aided software engineering (CASE) and computer aided design (CAD) . With the introduction of Web technology, one may reconsider the existing methods and re-design or modify existing systems to meet new challenges. The Web is used both as a universal interface and as the underlying infrastructure for Intelligent Web Information Systems (Yao et al. 2001 ). There is an emerging and fast growing interest in computerized support systems in many other domains such as information retrieval support systems (Yao & Yao 2003 , Yao 2002 , research support systems (Yao 2003) , teaching and learning support systems (Fan 2003) , computerized medical support systems (Stalidis et al. 2001) , knowledge management support systems (Ginsburg & Kambil 1999) , and many more. The recent development of the Web generates further momentum to the design and implementation of support systems (Yao 2005) .
Many types of Web-based Support System (WSS) have been studied recently by researchers (Yao & Lingras 2003 , Yao & Yao 2003b . It is argued that the time to treat Web-based support systems as a new and separate sub-area of Web intelligence is coming based on the observations of existing studies (Yao & Yao 2003b) . Recently, two workshops aimed to exchange research on the topics of WSS were held in Halifax, Canada and Beijing, China in 2003 and respectively. Many papers published in the proceedings and other venues cover a variety of Web-based support systems, including decision support (Li & Ruhe 2003 , Lu et al. 2003 , Power et al. 2002 , Wang 2004 , research support (Keselj 2004 , Tan et al. 2004 , Xiang et al. 2003 , Xu et al. 2003 , Yao 2004 , retrieval support (Curra & Higgins 2003 , Wegrzyn-Wolska 2004 , Wu et al. 2004 ), teaching and learning support (Cao & Greer 2004 , Fan 2003 , Fan 2004 , Wetprasit 2003 , data mining support (Xu et al. 2004) , agricultural support (Hu et al. 2004) , and business support systems (Bai et aL 2004) .
This article is a revised version of research presented at IICAI'05 (Yao 2005b ). Its aim is to introduce the new research area of WSS. The organization of this article is as follows. We first discuss the historical view of WSS. A section that presents the framework and some design issues of WSS follows. We present preliminary studies on two examples of WSS, Web-based research support systems (WRSS) and Web-based information retrieval support systems (WIRSS) in Section 4.
HISTORICAL VIEW OF WEB-BASED SUPPORT SYSTEMS
The WSS is a natural evolution of studies on various computerized support systems. An ultimate goal of computer scientists is to build fully automated computer systems that have the same or even a higher level of intelligence as human beings. It is hoped that these systems can replace human beings to perform various activities, either simple or complex.
However, we can only study, design and develop systems that have some abilities to assist, support, and aid us for various activities due to the limited technologies we have mastered. Research in artificial intelligence proves that it is almost impossible to replace human intelligence with computer systems, at least within the foreseeable future (Rich & Knight 1991) . With this restriction, we have to lower our expectation to implement systems that can fulfill more practical goals. We classify computer systems that support human activities as computerized support systems (Yao & Yao 2003b ).
The study of computerized support systems involves many disciplines of research. The most popular and successful example is DSS. Turban et al. (2005) summarize DSS as "computer-based information systems that combine models and data in an attempt to solve non-structured problems with extensive user involvement through a friendly user interface" after discussing various definitions. DSS can be viewed as a hybrid product of two domains of studies. It is an approach or methodology for supporting decision making. It uses interactive, flexible, adaptable computer-based information systems specifically developed for supporting the solution to a specific nonstructured management problem (Turban et al. 2005) . DSS are derived from management science and computer science. The same principle applies to other types of support systems. For instance, a medical support system or a medical expert system is the product of the marriage between medical science and computer science. Research support systems are the combination of research methodology and computer science. In general, a specific support system aims to support activities and operations of the specific domain. The study of WSS aims to take the opportunities of the Web, to meet the challenges of the Web, and to extend the human physical limitations of information processing. We define WSS as a multidisciplinary research field (as depicted in Figure 1 ) that focuses on supporting human activities in specific domains based on computer science, information technology, and
Web technology. One of the goals is to find out how applications and adaptations of existing methodologies on Web platforms benefit our decision making and other various activities. The following are some potential benefits of Web technology,
• The Web provides a distributed infrastructure for information processing.
• The Web delivers timely, secure information and tools with a user friendly interface.
• The Web has no time or geographic restrictions. Users can access systems at any time and any place.
• Users can control and retrieve results remotely and instantly. Table 2 that the number of hits for each type of Web-based support systems is dramatically lower than its computerized support system counterpart. For instance, the hits of "Medical support system" and "Medical support systems" are around 1,000.
However, there were none when we changed the phrase to "Web-based medical However, the general trend is shown as increasing.
THE ARCHITECTURE OF WEB-BASED SUPPORT SYSTEMS
Interface, functionality, and databases are some of the components that are needed to be considered when we design a system. The architecture of WSS can be viewed as a (thin) client/server structure as shown in Figure 2 .
The users, including decision makers and information seekers, are clients on the top layer. They access the system with browsers via the Web and Internet.
The interface that is designed on the server side will be presented on the The architecture shown in Figure 2 is presented from a usage point of view and is logical but not physical. In practice, data and control components may not necessarily sit physically on the same point of the network, which is one of the major differences between WSS and traditional computerized support systems.
System components may be spread all over the network. Users of the systems are located globally. Agent, grid computing, and Web services play important roles in WSS implementation.
The data layer comprises two components. A database is a basic component in any modern system. WSS is not an exception. Another major component is the knowledge base. The knowledge base stores rules, principles, and guidelines used in supporting activities. We intend to divide the knowledge base into two parts: a domain-specific knowledge base and a domain-independent knowledge base. The former is the knowledge specific to the domain that is supported. The latter involves general knowledge for all support systems.
Knowledge management, data management, information retrieval, data mining, and other control facilities form the management layer. These serve as middleware for the three-tier client/server architecture and as the intermediaries between the interface and data layers. Reasoning, inference, and agent technologies play important roles on this layer. The separation between the management of data and user profiles results in a secure and standardized system. To take advantage of Web technology, these processes are distributed over the Internet to form a virtual server. In fact, databases and knowledge bases on the lower tier are also distributed.
The WSS can be classified into three levels. The first level is support for personal activities. An example of such support is research support for individuals (Yao 2003) . Personal research activities such as search, retrieval, reading, and writing are supported. The second level is organizational support, such as research support on an institutional level (Tang et al. 2003) . The top level is the network level. The collaborations between organizations or decision making by a group of people like in group decision support systems fall in this level. The group-decision support room may be a virtual room on the Web.
WSS EXAMPLES

Web-based Research Support Systems
As new technologies evolve and existing technologies expand, scientists must adjust accordingly and make full use of these emerging tools when carrying out research. Scientists face many challenges in using Web-based information resources, such as information overload, misinformation, fees, poorly designed navigation, retrieval, and browsing tools; effectively, supporting scientists to meet such challenges is an important issue. Many interpretation and explanation, and communication and dissemination (Yao 2003) . It is possible to combine several phases into one phase or to divide one phase into more detailed steps. The division between phases is not clear cut.
Moreover, the research process does not follow a rigid sequencing of the phases. Iteration of different phrases may be necessary.
To support a large spectrum of research activities, the WRSS must be flexible and have much functionality (Yao 2003) . We summarize some basic functionality in this section. 
Web-based Information Retrieval Support Systems
Each support sub-system of WRSS has its special feature, as described above. Information retrieval support is the one that has been paid attention by some researchers (Yao & Yao 2003 , Yao 2002 . Web-based Information retrieval support systems (WIRSS) are designed with the objective to provide the necessary utilities, tools, and languages that support a user to perform various tasks in finding useful information and knowledge. We summarize the WIRSS in this section.
Information retrieval support systems, Web browsers, and Web search engines extend the basic search functionalities of data retrieval systems exemplified by a database system. They provide basic functionalities to assist a user or scientist in the context of libraries and in the early stage of the Web. A scientist may have to perform many different tasks when finding useful information. The new tasks include understanding, analysis, organization, and discovery in addition to the conventional tasks of searching and browsing. It is discussed in literature that WIRSS is actually a natural evolution from retrieval systems. The evolution from data retrieval systems to information retrieval systems and from information retrieval systems to information retrieval support systems have been discussed in detail (Yao 2002) . The WIRSS attempt to resolve the problems of information retrieval systems by providing more supporting functionalities. A WIRSS provides models, languages, utilities, and tools to assist a user in investigating, analyzing, understanding, and organizing a document collection and search results. These tools allow the user to explore both semantic and structural information of each individual document, as well as the entire collection.
We can classify WIRSS models into three related types. A WIRSS focuses on the supporting functionalities of information retrieval.
Yet, existing information retrieval systems focus only on the search and browsing functionalities. The WIRSS are more flexible and combine the functionalities of IRS, Web browser, and Web search engines. It is expected that current IRS should be extended to support more user tasks. A WIRSS is based on a different design philosophy that emphasizes the supporting functionality of the system instead of the specific search and browsing functionality. In the process of finding useful information, a user plays an active role in a WIRSS by using the utilities, tools, and languages provided by the system. The components of a WIRSS also include data management, model management, knowledgebased management, and user interface subsystems.
CONCLUDING REMARKS
The emerging interdisciplinary study of Web-based support systems is There are four types of existing research, namely, WSS for specific domains, Web-based applications, techniques that are related to WSS and design, and the development of WSS that can be classified as WSS research.
